Differentiation of presumed serotonergic dorsal raphe neurons in relation to behavior and wake-sleep states.
Using extracellular single unit recording, either alone or in combination with microdialysis application of drugs, we examined the characteristics of presumed serotonergic dorsal raphe neurons during wake-sleep states in the freely moving cat. Recordings were made from a total of 272 neurons in the dorsal raphe nucleus. Of these, 240 (88%) were classified as serotonergic on the basis of their typical long-duration action potential, slow discharge activity, and reduced spontaneous discharge rate during paradoxical sleep compared to during slow-wave sleep. An inhibitory response to serotonergic agonists and a slow conduction velocity were seen in all neurons of this type tested or identified by stimulation of the main ascending serotonergic pathway. These presumed serotonergic dorsal raphe neurons could be subdivided into two typical previously identified groups (types I-A and I-B) and four atypical new groups (types I-C, II-A, II-B, and II-C) according to differences in firing patterns during wake-sleep states. The typical neurons were evenly distributed in the dorsal raphe nucleus and their activity was related to the level of behavioral arousal, since they discharged regularly at a high rate during waking and at progressively slower rates during slow-wave sleep, and ceased firing either during slow-wave sleep with ponto-geniculo-occipital waves and paradoxical sleep (type I-A) or only during paradoxical sleep (type I-B). In contrast, the atypical subgroups were unevenly distributed in the dorsal raphe nucleus and exhibited firing patterns distinct from those of the typical neurons, such as sustained tonic activity during paradoxical sleep (types I-C and II-C) or showing their highest rate of tonic discharge during slow-wave sleep, with suppression of discharge during both waking and paradoxical sleep (type II-B). From these data we suggest that presumed serotonergic dorsal raphe neurons play different roles in behavioral state control and that there is functional topographic organization in the dorsal raphe nucleus.